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CIRCUIT] 

Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 901 1 9975, 
filed on August 15, 2002. 

Background of Invention 

[0001 ] Field of the Invention 

[0002] The invention relates in general to a control circuit of a laser diode, and more 
particularly, to an auto laser power control circuit and a switch control circuit. 

[0003] Description of the Related Art 

[0004] 

Currently, the laser diode driving circuit in an optical storage drive (for example, 
CD-ROM drive and the like) uses a switch control circuit in an auto laser power control 
to activate (enable) or cut off (disable) the driving circuit of the laser diode, that Is, to 
turn on or off the laser diode. Figure 1 shows a conventional switch control circuit in 
an auto laser power circuit for a laser diode. The laser diode 141 is photo-coupled to 
a sensor diode 111. That is, the sensor diode 1 1 1 converts the light intensity emitted 
by the light emitting diode 141 into an electrical signal. A close loop control is 
performed by the feedback amplif/ing circuit for power control. Under certain 
circumstances, the power supply VDDl of the conventional auto laser power control 
circuit 303 in a chip and the power supply VDD2 of the laser diode driving circuit 304 
on a print circuit board (PCB) are both 5V. When the control signal LDEN is high, the 
P-type transistor 1 61 does not conduct. A bias circuit is formed by the power supply 
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VDD5 of the laser diode driving circuit 304. The transistor 1 71 thus turns on and a 
current flows through the inductor 1 31 to enable the laser diode 1 41 to emit a laser. 
When the control signal LDEN is low, the transistor 161 conducts. The voltage level at 
the node Y1 is almost the same as the power supply VDD5 and the bias circuit is not 
formed. Therefore, the transistor 1 71 is cut off and no current flows from the 
collector terminal thereof. The laser diode 141 cannot emit a laser. 

[0005] As the operation speed in circuit becomes higher, and the power consumption is 
required to be lower, the required power supply is gradually reduced. Alternately, as 
the chip fabrication process is minimized, a smaller power supply on a chip is also 
required. Therefore, the required power supply of the auto laser power control circuit 
Is also reduced. For example, the required power supply of the auto laser power 
control circuit is reduced from 5V to 3.3V. When the control signal LDEN is high, the 
whole circuit operates without problem. However, when the LDEN is low, a voltage 

p difference is formed between the voltage level at the node Yl (3.3\/) and the power 

P 

^ supply VDD5 (5V) of the laser diode driving circuit 304. Meanwhile, the current 

supplied to the laser diode 1 41 is ten or more mA (supposing that the PNP type 
M transistor 171 of the laser diode circuit 304 has a current gain of 250, so that the 



operation current flowing through the laser diode 141 is 14.4325 mA). The operation 
current makes the laser diode shut off Incompletely such that the laser diode 
possesses the characteristics of an LED. Thus, the lifetime of the laser diode 141 is 



S shortened due to such incomplete turn-offs. 

Summary of Invention 

[0006] The invention provides an auto laser power control circuit and a switch control 
circuit thereof. Even if the automatic power control circuit has a power supply lower 
than that of a driving circuit, the laser diode can be turned off completely to extend 
its lifetime. 



[0007] 



The invention provides an auto laser power control circuit to receive a light 
intensity feedback signal and a photo-coupling signal of a photo-sensing circuit to 
control a driving circuit, so as to drive the laser diode. The auto laser power control 
circuit comprises at least a feedback amplifying circuit and a switch control circuit. 
The feedback amplifying circuit is coupled to the photo-sensing circuit to receive the 
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photo-coupling signal. According to the photo-coupling signal, the feedback 
ampiif/ing circuit correctly drives the laser diode to emit laser beam. The feedback 
amplifying also receives the above light intensity feedback signal to adjust the power 
of the light emitted from the laser diode. The switch control circuit is coupled to a 
first power supply, the driving circuit and the feedback amplif/ing circuit to receive 
the control of a first control signal that enables or disables the driving circuit. When 
the first control signal is disabled, the switch control circuit disconnects the feedback 
amplif/ing circuit and the driving circuit and an equivalent damping is provided. The 
first power supply is connected to the driving circuit via the equivalent damping. Thus, 
the driving circuit does not provide current to the laser diode. 

The switch control circuit provided by the invention is applied to the auto laser 
power control circuit of a laser diode driving system. The switch control circuit is 
coupled to the driving circuit and the feedback amplifying circuit. The switch control 
circuit comprises a first electronic switch, a second electronic switch, a third electronic 
switch, a fourth electronic switch and a resistor. Each of the above electronic switches 
has a first terminal, a second terminal and a control terminal. The first terminal of the 
first electronic switch is coupled to the feedback amplifying circuit and the first 
terminal of the second electronic switch is coupled to the first power supply. The 
second terminal of the third electronic switch is coupled to the driving circuit. The 
second terminals of the first and second electronic switches, and the first terminals of 
the third and fourth electronic switches are coupled together. The resistor has a first 
terminal and a second terminal. The first terminal of the resistor is coupled to the 
second terminal to the fourth electronic switch. The second terminal of the resistor is 
coupled to the second terminal of the third electronic switch. 

The control terminals of the first, second, third and fourth electronic switches are 
coupled to a first control signal. When the first control signal is enabled, the first 
electronic switch and the third electronic switch conduct, while the second and fourth 
electronic switches are turned off. The signal of the feedback amplifying circuit can 
thus be received by the driving circuit. When the first control signal is disabled, the 
first electronic switch and the third electronic switch are turned off, while the second 
and fourth electronic switches are conducted. The first voltage is connected to the 
driving circuit via the resistor, so that no current is supplied to the laser diode via the 



[0008] 
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driving circuit. 

[001 0] In one embodiment of the invention, tlie second electronic switch and the third 
electronic switch are for example, a PMOS transistor and an NMOS transistor. In 
addition, the first and fourth electronic switches include a first and second 
transmission gates. The first transmission gate and the second transmission gate 
further receive a second control signal that is inverted to the first control signal. When 
the first control signal is high, the first transmission gate and the second transistor 
conduct, while the first transistor and the second transmission gate do not conduct. In 
contrast, when the first control signal is low, the first transistor and the second 
transmission gates conduct, while the first transmission gate and the second 
transistor do not conduct. 

[001 1] According to the above, the invention uses four electronic switches and a resistor 
to construct a switch control circuit of an auto laser power control circuit. By the 
voltage across the resistor in the driving circuit, the driving circuit is disabled, so that 
the laser diode is completely turned off. That is, the invention allows the laser diode 

to be turned off completely under the condition that the auto laser power control 
circuit has a power supply different from that of the driving circuit. As a result, the 
laser diode has a longer lifetime. 

[0012] Both the foregoing general description and the following detailed description are 
exemplary and explanatory only and are not restrictive of the invention, as claimed. 

Brief Description of Drawings 

[001 3] Figure 1 shows the switch control circuit in an auto laser power circuit for a laser 
diode in an optical storage device; 

[001 4] Figure 2 shows a laser diode driving system applied in an optical storage device 
according to the invention; 

[001 5] Figure 3A shows an equivalent circuit of the switch control circuit in Figure 2 when 
the LDEN is enabled; and 

[001 6] Figure 3B shows an equivalent circuit of the switch control circuit in Figure 2 when 
the LDEN is disabled. 
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Detailed Description 

[0017] Figure 2 shows the laser diode-driving system applied in an optical storage device 
(for example, a CD-ROM drive and the like) according to the invention. 

[001 8] The auto laser power control circuit 308 comprises a feedback amplifying circuit 
301 and a switch control circuit 305. The feedback amplifying circuit 301 is coupled 
to the switch control circuit 305 and a photo-sensor circuit 306. The switch control 
circuit 305 is further coupled to a driving circuit 304. The above circuits and the laser 
diode 241 construct the whole laser diode driving system 307. 

[001 9] In this embodiment, a first power source VDD3, for example, 3.3V, is applied to 
the auto laser power control circuit 308 that receives a first control signal LDEN and a 
second control signal LDENB for switch control. The second control signal LDENB is 
inverted to the first control signal LDEN. A second power source VDD 5, for example, 
5.0V, is applied to the driving circuit 304. 



Oil 

^ [0020] When the first control signal LDEN is high (that is, when the second control signal 



LDENB is low), the signal of the feedback amplifying circuit 301 is received by the 
driving circuit. That is, the auto laser power control circuit 308 enables the driving 
circuit 304, so as to enable the laser diode. 



[0021] When the first control signal LDEN is low (that is, when the second control signal 
g LDENB is high), the switch control circuit 305 provides an equivalent resistor (or an 

equivalent damping) with high impedance to disable the driving circuit 304. The laser 
diode 141 is then turned off completely. 

[0022] The switch control circuit 305 of the auto laser power control circuit 308 

comprises 4 electronic switches 281, 282, 261, 261 and a resistor 21 1. The electronic 
switch 261 adapts a PMOS transistor, and the electronic switch 262 adapts an NMOS 
transistor. The electronic switches 281 , 282 each adapt a transmission gate with two 
control terminals. 

[0023] The switch control circuit 305 is coupled to the feedback amplifying circuit 301 

and the driving circuit 304. The power supply VDD3 of the switch control circuit, that 

is, the power supply of the whole auto laser power control circuit 308, is 3.3V. The 
power supply VDD5 of the driving circuit is 5V. 
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[0024] In addition, the transmission gates 281 , 282 of the switch control circuit receive 
two control signals (LDEN and LDENB) to control the conductance (on or off state) 
thereof. 

[0025] Referring to Figures 2 and 3A. Figure 3A illustrates an equivalent circuit of the 
switch control circuit in Figure 2 when the LDEN is enabled. When the first control 
signal LDEN Is high (that is, the second control signal LDENB is low), P-channel MOS 
transistor 261 and the transmission gate 282 are turned off, and the transmission 
gate 281 and the N-channel MOS transistor 262 conduct. Meanwhile, the signal of the 
feedback amplifying circuit Is input to the driving circuit to form a potential at X2 
node. A bias is established between the node X2 and the second power supply VDD5 
of the driving circuit. The bias Is enough to turn on the BJT transistor 1 71 , so that the 
laser diode 1 41 has the characteristic of laser emitting. 

[0026] Referring to Figures 2 and 3B. Figure 3B illustrates an equivalent circuit of the 
switch control circuit in Figure 2 when the LDEN Is disabled. When the first control 
' signal LDEN low (that is, the second control signal LDENB is high), P-channel MOS 

1$ transistor 261 and the transmission gate 282 conduct, and the transmission gate 281 

and the N-channel MOS transistor 262 are turned off. Meanwhile, the node Y2 has a 



^ voltage level almost the same as the power supply VDD3 (3.3V). According to the 

M 

p voltage difference between the power supply VDD5 of the driving circuit 304 and the 

P power supply VDD3 of the switch control circuit 305, a proper resistor is decided. 

Using voltage division, a voltage level at the node X2 has to be close to the power 
supply VDD5 of the driving circuit 304. When the voltage levels at the emitter and the 
base of the P-type BJT transistor 271 are almost the same, the P-type BJT transistor 
271 is in a cutoff state. Thus, no current flows out of the collector of the P-type BJT 
transistor 271 , so that the laser diode 241 is turned off. 



[0027] 



The value of resistor 21 1 is determined according to the relationship between the 
power supply of the auto laser power control circuit 308 and the power supply of the 
driving circuit 304. According to voltage division, the voltage level at the node X2 had 
better to be close to the power supply VDD5 of the driving circuit 304 and not 
affected by the potential at the node Y2. Therefore, when the power supply of the 
laser diode control circuit 302 is more close to the power supply of the laser diode 
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driving circuit 304, the resistance of the resistor 21 1 is reduced, and vice versa. For 
example, when the power supply of the laser diode power control circuit 303 is 3.3V, 
the resistance of the resistor 21 1 is about 1 MOhm. Accordingly, the embodiment uses 
two transmission gates, two transistors and one resistor construct the switch control 
circuit of the automatic laser power control circuit. When the power supply of the auto 
laser power control circuit and the driving circuit are different, the laser diode can be 
turned off completely to lengthen the lifetime of the laser diode. 

[0028] Other embodiments of the invention will appear to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is 
Intended that the specification and examples be considered as exemplary only, with a 
true scope and spirit of the invention being indicated by the following claims. 
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